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(g) Fhifd bed parHcIa coating apparatus. 
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an upstanding oaitsnn nSl wtidi has an upror 
c^indrical section (15a), a tapered fcnemiedtate 
section (151^ and lower cyfindical aeotior 
(15c). Depending from ttie loiwer cyiindrical sec- 
tion (15c) 19 a cyfindricaj chamber (30) which is 
inner-OToected to tubiiar sections (31,37) 
adapted fa irtroducing mdtipie air streams via 
aeparatriy oontrolled infet openiigs (32^e,3B), 
The diialjet and spray oonsftniction irdudes ar 
upwan«ir-fadrg spray nozzte (40) positioned m 
ooaxial relationship to tie tutxiar sections 
(31.37] and a dcaft tube (SO) and (towriMady 
facing spray nozzle (25) conlainad within a 
fburtarn tutM (20) whicti b Jspoaod above tie 
draft luba (50). The fourtain and draft tubas 
(20,50) concenbxallx intarsect abo(4 tfia inlar- 
meoiata section of the cotunvi in an opened 
telescopic arrangement. The dtnl-jet and spray 
partds ooatar provtdes raiafla coating and 
drying zones and m convenient^ adapted wmi a 
oonipietely integrated computer conM system 
(200) that provides for automatic and oorTtim^ 
ous monitDrifig and oontnrf of al lisd now 
rates, temperatures and aiical pressure n\eas- 
urements throughout the fkidized coating sys- 
tem. 
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T his inverTtioi retetes geneiaty io an apparatus for spray coating dscr ste particles whio such partidea 
are suspended in a nuidg»<< bed. Mora particUaf ly. tlia pf^s#nt myrfon r alatw fa> a flutd-bad partida coataf 
h avTnfl a ckjat-|al and affay a rn i nn iwnant wn i iti i s a a a ota flJft tutorroisafy monitof and corrt rol aH aaantfal 
processifTfl pafametars of t/»a flwkfced-bed coatiffjf oparrtm 
5 The appi cation of flutd-bod tachnoiogy loc coating taUets, granUes. pel^ and othor discnatB partidas 

it well knoMrr in the prior art, having been descnt)ed in conaidefable detal in such patent StsratLre as U.S. 
Patent Mos, 2,648,609, 2,799^241, 3,089,624. 3,196.827 and 3,207,824 to Wurtter and WUrateretd. Such flul- 
dt2«d-t)ed ooating procassas find partlcUar application In tha phai macautical flaid and ganeially Involva si^- 
porling uncoated partides in a vsrtical odurnn t>y injecting a Gortimioua stream of air from the IjottDm of a col- 
« umn. A ooat^ solution teatomizBd and sprayed onto the atr-suspondod oartides. and the partctes are then 
driad while suppoyfead by the air. Th e Aying time of I he appf ted coating shoukJ be regutatad by controldng the 
atocnizatxvi rale and^ the temperature of the aupportng mr straan. Also, the velocity of the air ahpam rihou td 
be adjustabfe so that the aff-su^nded parfkies are maintained in a nafative^y coiifined regjbn of the co/umn. 
Moreover, tl>« air stream is ueuatly dir»ctBd into one portion of the susp«nd«d bed of partides at a higher v«~ 
J5 locity than in the rBiraining porfcn of the fluidized bad. This causes the partides to flow upwardly in the portion 
of the bod subjected to the hi^^er velocity air and induces a downward flow in the rwnaininQ portion of the 
bed to create a cydical vortical nrtovwnentof the partides Mthin age neralycwiW ragion of the column. Since 
the partides are repeatedly leciiuiated within tlie cokjnw successive layers of coating solution are applied 
to the partides unta a coating of the desired thickness is fiormed. 

•2p' The apparatus that has been commerdaffy utirzed tbr coixiucting a fhidized-bed coating procedure typ- 
icafiy oomprisBs a cylindrical column hawng a tapered lower aadion terminating in an air inlet opening. A acreen 
or other porous member uaually oxtsnds across the air inlet to retain partictes in the odumn when the flow 
pressurizad air is disoontinued . At or above the center of the screen is Em upward ty-direolBd nozzle for epraying 
lit^id coating materials upwardly hto th e central zone of the cd umn. As the air-suspended palides oomnnence 

2£ their upwand travd within tho central zone cf the odumn. they are coated with the liquid ooadng discharged 
tram the nozzle. The liquid deposited on the partides dries as these cooted partides migrate upwenfly wfthin 
the central zone and as they travel downwardly through an annular outer zone of ttie cdiMrm. The dried coated 
partidea subsequently reenter the certai region of the odumn where the coating is suocoGSivety applied until 
a safistactory iHim coat is obtained. 

'30- A variety trf modificatkins to the general apparatus and procedure descrftied hereinabove has been pro- 
posed In an attempt to improve tfieoveraff effidency of the flddfzed-bed ooatiag operadoa For Instance, U.S. 
Patent No. 3.241 to WurEtsr at aL diedosfts an apparatus wherein the central regior of the cduim te pcx)- 
vrded with a partftion for separating the upwardly and downwardly rrKTving parade stnsems in order to estab&sh 
a greater upward vetocfcy of air In the coating zone. However, this as we« as other prior wtstrudural nvxHfi- 

3s cations fall to overcome the reported disadvantages of f lultitzed-bed coating systems. Such acknowledged dis- 
advantages inckide surfece imperfactfons resulting Inom vigorous agitation of the coaled ^anJes axl loss of 
coating material to the air exhaust which present certain l^ndamental problems to the ptiarmaceutfcal Indus- 
try. Also, Lndeslrahle particle elutrtatton from the fluidlzBd bed presents both a health and safety lazard, re- 
sulting in txith ttie loss scarce product materials and the need for expensive poiution control equipment It 

-40- was ha-ther found that t^iese prior art coating procedures were imprecisely oontrdled l>y converttonal equip- 
ment. AdjuBfenents to thaae fhiidrzed systems to account for variations in the processing conditions during op- 
ecalior were diffiail to acconplish, causing varialions in the finbhod products. 

Accofclingly, it is a pdmary object of the prasent anvention to provide an apparatus whid) is rsadly adapt- 
able for efficiently controlling aB essential processing pararneters of a fluid-tiad coating operaton. 

46 It is a further obfect of tt)e invention to provide an apparatus which is capat)ie of automatir^ the coating 
of discrete partides, wheretsy a precisely controlled fluidized system can tse obtained and adjusted during op- 
eraticr. 

It is anxmg the further ot^ects of the present invention lo provide a fluid-bed particle coater having multiple 
high-velocity coating zones, and mulbple heating and drying zones which can be independently monitored to 

* SD controi the flow dtstritxitfon, fbw rats and tsmperaturss of al pmcassing strsams within the apparatLs. The 
ftbaity to oontrot parttcie eWjInatkm fraoi the fluidized bed and substentiatty eliraiato the need for aich eqiip- 
ment as cyclones ard txag f Iters is an additional object of this im^ntiof . 

These and other objects are acccmplishod in accordance with one aspect of the prssert inventior which 
provides a fluid-bed partide coater having a dual-jet and spray arrangement and indudvig an upstanding col- 

^ umn which has an upper cylindrfoal section provided with a vent, an intermediata tapered sectioii which com- 
municates at its Lpper end with the upper cyinckical section and which progressively reduces in (iametar to- 
wards its tower end Ibr communication with a lower cyfindrical section. Depending ftom the lower cyfindri:al 
section is a cyiindricai ctiartw profvided with a lateral air entry port, which chamber is inner-connected to tub- 
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utar secdoia adajAed for introducing multiple air stBams via separately oontnolied inlet openings. The teCeral 
entry port <^ t he chamber is provided Tar introduang air to tfie annular regbn of the cotamn. Auxliary means 
for heating the air streams are also provided 

The <Jual-jat and spra/ <*esign iodudes an upwand/y-fiKang spray nazzHe (dserted at a Iomt irtfet openrig 
which can tie po&itionad tiekMr or inside the tniet to a drctf ttut>e, and a downwardy-factng spray nozzle disposed 
at)ove the ttaft tube and encompassed with ti a fountain lu l)a The fountain and drrft iutne have drffensnt inner 
diameters and hterscct wfchin the upper cv^lndrtcai section In ar opened telescopic arrangement An Inlet port 
Is provided ^ Introducing air Into the fountain tut>e and air Inlet openings at the Cubilar sections provide ar 
tD the draft kite. Air and coating liquid from a suitabia sotace are separaMy introduced into twth nozzles to 
prodix^ar aerosol spray. Air entering t he tubiiar sections fnxnsepara^ passes through ajetiriet tube 
and can tm made to co-flow or swirf bsfoie entering the louver cyindrical section of the apparatus. This serves 
to axM flow distribuhon between entering air strBans and alao to corrTne the ooating apnay to the nial of 
the draft tube. 

ia ^ The diial-jet and spray parlicteooatef of tr« invention provkles two 

one locatad below the inlet to the draft tutM and a second one located above the outlet of the draft tobe. The 
fountain hjbe servos as an addlionai sprBy coaling zone, a zone to introduce heat for tkying and a mem for 
controfling the height of the pertide fountari issuing finofn the draft tube. UniKe conventtonel apparatus de- 
signs, where partides are retained by fiter^ alxwe the fluid bed, the fountaii ftow of the present srvention 
X \ redkeds particles back to the annular zone of the column where addittonai diffiistonaJ drytog occurs. In this 
V^way, a highly rfftcwnt no impact gas-partida separation is provided. 

In aooordance with another aapod of the present invention the fiuid-bed pertide coaler ie oonvenienHy 
adapteii wih a ootnplete/y integrated computer oontTDl system that pitividefl for automatic and oontinooua morr- 
toring of all fluid ftowrates. tennperaturBS and cnbcal preesMrB nwasurefnanta throughout the syGtacn. These 
-26 outputs are electronicaJly morltofBd and the resulttog data are used to control ttw coating process by making 
leal-time at^tments to critical Input pammeters. 

The foregoir^ and other features, advantages and oOjects of the invention may be more fully appreciated 
by rcfererK^e to ttw toUowinfi ddnled descriplion arxl aooompanying drowinga. 
In the aooOTTipanying drawirQa:- 
30 FIG. 1 1E a side alevationsd view of the fluid tied partide coaler of the present tnventton. 

FIG. 2 is a oross-sectional view of t he lower portion of the fluW-bed parttele coater of the invention showing 
details of the draft tube and annuius Inlet secttons. 

FIG. 3 isaooss-sectional vtaM^oftha upper portion of the lit W-t»d partide coatar of the im/ertoon showing 
datails of the fountain tube inlet section. 
35 FIG. 4 ta a schematte reptesentadon of I he automated fluid-bed partide coating systom of the present In- 

ventton. 

Referring particiiarty to RG. 1. there Is genar^ly shown afluid-hed coater 10 prafarrad fcr use In the prac 
dee of Ihe present invention whtoh tndudes an upstanding outo' colunvi 15 havtr^ an upper cyftodrlcal body 
section 15a provWed with a hortzontally disposed vent 1 7. a downwaid ly tapeied Internnedtate sectfon ^Sb and 

<o a lower cyfin(to<al section 15a ExtBodkigaxially above cylindrical^ 1 5a is a verticely posrikined 

fountain tobe 20 which is adapted with an air intel port 22 and a T-shaped spra^ extenston 24 tenninaling in 
opposing inlets 28 and 28. Depenrfing frnm lower cylinttocal sactton 1 5c is cytirdrical Met chaniber 30 which 
is provWed wMi a horizontally deposed air entry port 32. Tubular channel 34 with an associated swirl ii^et Itoe 
36 depends from iniet chairber 30 ard communicaLes with air inlet tutxiar chamber 37 adapted with jet air 

4S inlet opening 3a. Centrairy prob^uding from the bottom of tuMm chamber 37 is T-^iapod spray axteision 
24' provided with terminally opposing inlets 23* and 28'. 

The cohimn 15, as wel as other elemenla of the present appaiBtoa, may be construded of a rigid non- 
pervious matefial such as stainless steel. Sight windows can be conveniendy placed at varbus locations 
throughout the apparatus to permil easy viewing of the costing procedure. 

^ FIG. 2 depicts the kiwer portion of tfie fluid-bed partide coater 10 showing delals of the entry ma to 
draft tobe 50 and air inlet sections 3Q, ^ and 37. As lluatratBd. an upward y-facing ^omizlng spray nozzle 40 
is positioned in ooexial relationship to a jet Wet tobe 31 and draft tube 50 (partialy shown). Spray nozzle 40 
extends centrally ttirough tobular dTarnei 34 and tobular chamber 37, then lerminatee in T-ehaped spray ex- 
tension 24' provided wfth opposing inlets 26* and 2$*. The jet inlet tobe 31 is arranged amivfy anund spray 

55 nozzle 40 and physically separates the annMus 35 of cylindrical chamber 30 tram the nozzie- 

Chamber 30 serves as a plenum for anni^ us air i n kMr cylin<trical sectton 1 5& Aeratioo flow to the annular 
zone 33 surrounding the draft tobe 50 is provided t hrough a perforated cyttndncat insert 42 via ar entry port 
32. Insert 42 has a downv^ly tapened upper surface tenninatirg in a central opening and is s^)parted at its 
base by the intenor edge of ffange 44. The central opening of insert 42 communicates with the top opening 
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<rf jet inlet tube 31. A pluality of verticalty spaced-apart openings 46, each prefwaWy about 3/8" in diaindter, 
p«rnf)«atM insart 42 to providaan ar «lraani to annular zona 33 cT a lowar vatodty Chan (hal faading ttw draft 
tiAM. Partkia orcutalion rate may be controled by altarng the f kMwale to annular zone 33 and varying the 

B difitanoe between t he in/et to drerft tube 50 and outlet dt 'f/i infet tiiw 31 , clesignaled as L*. A acraen of uniform 
mesh size (not st««i) may be fobncated to cower ttie tapered surface of insert 42to(\a1her piBvent the par- 
tides fmm falling into the annulus region 35 of chancer 30 before and after the coating cfMiatkm. 

The spray nozzle 4C iray be adjustably nxxjnted to move up and dowi in the Jet inlet lube 31 «)d csn be 
vartlcaay aoctsnded thnougti the opening Grtid>e 31 into the lower portion oTdrarttuba SOtooptlmtza the iocafion 

to of tha nozzle. Saaei 59 sxtsnds acmss the bottom of kibuiaf channel 34 to prevent peptides from Nling into 
tubular chamber 37 when nozzle 40 is posftbned wttiln Jel Inlet tii» 3 1 . as llustrated ii HG. Z Under condi- 
tjons ir which it is neoee&ary to extend the nozzJe beyond the outlet of jet tube 31. a screen having a central 
opening (rKrt ahown) may be placsd acroee t^ jal tube outlet 1o prevent particle* from Mng into the jal tU)e 
during perkiA^ when the coating operetion is not in progress. The draft lube 50 may be aifustafaly mounted 

15 wilt in columr 1 5 by any oonvenient means sucti as one or more support brackets (not shown) to vary the 1^ 
distance. 

Dependrig fmnri cyttndrical inlet chamber 30 is tubiiar channel 34 wNch oomnunicates with jet inlel tube 
31. Channel 34 is provided with a swirl flow Inlet line 36 which conbR>l6 the widlfi of the spray froro nozzle 40. 
Conmjnicating with channel 34 is tubular chancer 37 and associated inlet opening 3fi. Hot as- hboduced via 

20 inlet lines 36 and 38 heats the coating material exiting spray nozzJe 40. Coating material flows tlMough spray 
extension 24' from coating inlet 2fl'. 

FKj. 3 defwcia t he i4)per portkm of the fluid-bed partkie coeto 
poaitionod (buntain tube 20 adapted wt h e horKontaBy disposed air inlet port 22 arx* term«ating tn a T-sh^jed 
spray extenBion 24 provided with opposing air kilat 26 and tiqaid ooating inlet 22. Founten tube 20 houses a 

26 downwanJIy-facing atomizing spray nozzle 26. The spray notzzle 25 may be adjustably mounted to indepen- 
dently slide up ard down In the fountain tube 20 to opMze the location of the nozzle. 

Heated air through air inlet 22 via flexible tubing 23 provides additional drying c^wcity during the coatiig 
procedure an d controls t fie height of the particle fountain issuing from the draft tube. The fountain flow provides 
for a highly effctent, no-impact sepaiaCion of the air and partidas exiting the draft tube by redirecting and ac- 

30 celerating the parttdes downward tsowafds tha annular region of lower cylindrical section 1 5c while the upw^- 
ly flowing air stream passes tfwough upper cyfindrica/ section 15a and exists through vent 17. The diameter 
of the upper cylindrical section ahoUd be suffkdently lai^e to reduce the air velocity below the terminal veiocky 
ofthapartlclas. 

Refsrrng now to FIG. 4, a schematic rapresantationQf an automated ft uid- bed partide coating system ulil- 
35 izing the coatcr 10 of the pnesent Invention ts shown. As lustrated, fountain tite 20 has a greater diameter 
than draft tLdi>e 50 and both tubea concentrlcalty Intersect within the upper section of the column 15 Ir an 
opened telescopic vrangement 

In a schematic coaing operation according lo this particular embodiment of the inventfor. the inlet aft* sup- 
plied frctn a suitable source through line 100 tefHtered m alrllltBr (AF) 105 to remwe sdU parteulaies and 
^ lic^id drop/»t8. The inlet er is tian sp/rtinki throe air atrearns containing prBssurerB^ulrtifs PR- 1,PR-2 and 
PR-3. designated numencally as 101, 102 and 103, respectiveiy. Typically, al the av lequired far these air 
stTBams may be supplied by a suitable blower The inner dianrwler of the lines feeding these brawns is se! to 
keep the prBssune drop in the lines to less lhan 5 psig at the desired flowratfc 

Aastoams 111 and 112anscontn>lled by pressurs legulalors 101 and 102 which fieed ambient ar at volu- 
^ metric ftowrates V„a-1 and V^4^-2 into spray nozzles 40 and 25, respadivoly, whars t he iquid coating is shsared 
tocreate aerosol sprays 121 and 122- The flowiatesVNL-l and Vnl-2 of liquid streons 131 md 132 to tlie spray 
nozzies are contioffcd between 1 and 160 mWfnin by a peristaltic pump 130. Reservoir 125 contains coating 
8ok;t)on 12d. 

Air leaving the stream containing pressure regulator 103 is u/timatoly split hto four hot air sfreams 141, 
« 142. 143 and 144 having volumetric f lowratss of Vh. V,. and Vp, respectively. Mass now conMiere 

1. MFC-2, IJFC-3 and MFC-idesignatedas 151 , 152, 153 and 154 provkde the desirvd V,* V*. V^and Vp flows 
ir air streams 141, 142, 143 and 144, reapedively. The volumetric flowrate V^l provides aeration flow in the 
annulus surrounding the draft tube and faditates the oontnol of the partide c«sdation rale. The Vf fountain 
flow is controled by mass Tow contoller MFC-i. Mass flow contndlers MFC-5 and MFC-e, des^nated 155 
» and 156, more efficiently control the temperatures of ar streams 141 and 144 by providing a better dynamic 
response cf raapectrve heatetB 1 and 4. The mass flow controller drcuib designatad by dot-dashed Isiee 231, 
232.233. 234. 235 and 236 have input and output capabiiias wt^ich provide mear^s for both monitoring and 
txmtMnq all air ftowrates. t sboukJ be noted that and Vq flows libmalely confine the aerosol spray and 
oontrol its spread by focusing the spray on ttw particles ertaring the draft lube. Alternatively, the and Vs 
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flows may be coiTtjined before entering the present apparatus througih either air stream 141 or 142 by ireans 
of 3-wavvafve 164. 

Meatm 181 . 182, 183 and 184 via air Oraam* 141, 142. 143 and 144, rvspactMy. supply all tha heat 
Aocdssary for conducting tha coating process and are control led by output signals deatgnaled by (tehed Istes 
221. 222. 223 and 224 from the data acquisition and control system (OACS) 200. The pcwerfed to each heater 
is saparalely oontroidd to maintain the desired tamperatuTBS oif the air inlat streams 141, 142, 143 and 144, 
asweH as to maintain the tempenatuies In the draft and fountain tubes; and annular region of the oolura 

TTienrocouple probes (TC) 211, 212. 213 and 214 are In efedionlc convnuntcatton wttti the DACS 200 
via dixjuiits indicated by dotted ines to permit tha temperatures of air atnaanrs 141, 142. 143 and 144 to be 
monitorBd and contrdM. Thermocouple probes (TC) 2t>1, 202, 203 and 204 are also e iu Uiu nkaty connected 
to DACS 200 via circuite indicated by dotted lines to afioar temperaajnsa an the draft tube^ vent, anmius wd 
fountain tuba regions Id be manttorad and controlled. TC 204 alao fadttalaa in oontndling tha anei^ balance 
0^ the coater. In the draft tite and fountain regions of the coater, fluid and partides are In iittimate coirtact. 
The air is hot and the residence time for conUcting is short. In the annulus of the ooatsr, on the other hand, 
the contacting time is raiatrvely long and tha air ccsnparatively gcxsI. 

Pressu re probes (not shown) may be corvenientfy placed adjacent to themnooouple probes 201 , 202. 203 
and 204 and can be connected to a muKI-channel pressure transmmer (also not shown). Al electronic instru- 
ments and probes ane in csommunication with the data acqulsttion and ooritnol system 200 which comprises a 
completeiy integrated computer control system provided with output meansi. The conr^puter contrd system util- 
izes spedafly designed aaftwam to automatically control afl inlet nawralas and tBrrv>efatures. based on material 
and energy balanoea for the coater. LHiizing the prase nt system, tha particles wil not be overheated and real 
tinrwadjua^nts to critical input parBmetera can be accurately Also, interphase heat and mass transfer 
nates can be optimized during the coating operation. 

The foAovt^ example is ghren to further llustrate the invention, where flowrates, v^ides and temper- 
atures and power ranges for the flustrated ooatfrig experiment are speclfioatty set forth therein. 

EXAIH»UE 

A coating apparatus in aledronic corrvTUjnication with an integrated computer corrtnol system according to 
the present krvenbon is charged with Z5 kg of a raw crystalline aspirin powder having an average partlde di- 
ameter of about 200 um. For purposes of tWs experf mental run, an aqueous coating solution oorrtaining 25% 
by waight solids indoding a inett^acrylic acid copdymar is employed. 

The coating apparafaja having the dMgn characlarfstica assentiaAy tha same as that ifustiatad heraina- 
bove Is used In this experiment The coliann of the coater was naadesufflcfentfytar^e to 
the fine partfdes and cause them to fal back Into the anmAis. The diameter of the founts hj be Is ISO mm 
and the diametar of the Jet inlet tutke is 63 5 mm. The dtameler of the draft tube Is 76^ nsn and the column 
diameter Is 152.4 mra 

The volumetric flowrates and l^nparsture ranges for streams V; and Vp m gfvsn In TaMo 1 . Hea- 
tBfs 181 , 182. 1B3and 184 have a capacity of 1.6, 0.6, 0^ and 2.2 KW. respectivBly. Table 1 hirther gives the 
heater power associated with each stream. The f fowrate far stneams V,u- 1 and was about 22 sipm and 
the run time for this expenment was appnudmalely 1 50 minutaa 



TABLE 1 



SIKEAM 


FLOWRATE(slpm) 


TEMP. TO 


POWER (KW) 


Vn 


1500-3000 


50-55 


1-1.5 


Vs 


0 




0 


Va 


100-150 


30 


0 


Vf 


1000-1500 


77-83 


1-2-1^ 



The entering stream has a relatively small nowrate, w«ch b 3 to 5 times greater than the mininajm 
ffcjidizing velocly of about 003 nVs. This prevents the agfi^omeration of partides fMIIng k\ the arr lAiS. By coo- 
traal, a relatively high vetoed y in the jet tube (7.9 to 15.8 nrWs) is needed to entrah partdsafroir the annukjs. 
The jet flow, V„, was adjusted during oxatiig to obtain velocities of the order of 5 to lOir^ whicft /« 5 to 10 
times the terminal velodty of the partides esthwted to be about 1 rrVs . At these vekxttlcs, pressure and voU 
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dage fiuctuationa disappear in the draft lube and the partides transport 14) the tube in a dkte phase flow at 
high vofdages which was demonstrated ti> be the best regime for coating. 

The initia) ooatirg did not dry compMty in the draft tube before entofir>g the fountain. HoMver, the hot 
6 fountain ak stream qufddy vaportzed the remaining voUrtle liquid so that the parttdes ware reiativalK dry before 
being deposrted at the top of the arnulijs. Ttwy ^Mere completeiy dry by the time they reentered the draft tube. 
The high irterphase heat and mass transfer coefficients during the coating pracess make t possUe to 
evraporate all the water despite the short residence tmes of transit through the draft and fbuntohi tubes, As 
long as fluid is evaporating, the partldes cannot heat above their maxkrefn allowable tsnveralure of stout 
ic 40^ C. The tower toinpefHture air fed to the arnutus was ahnrays kept below this maximuintBirY»fHtura. Aliquid 
flowrale of about 8-1 2 mlMiin was found sulaUe for ptirposes of this experimental run. 

Wh0e the above axperinent demon etratas the feasibflity of unformly coating ratafivefy fria parfides in 
the range of 150 to 250 i«n, cooBor partides of the onier of 1 mm inckiding tabtets may also be succsssftitty 
coated wilhau* aggfomenation using the system of the prBsenl inventioa ^Vso, wMe the coating operation of 
IS this invention f iixte particular applicatk>n in the pharmaceutical f letd, it can be u^ed in the field of agricdtufB 
or engineering, and the food processing indkistry for coating or ancapsuiatingany typeci^particiials matvial, 
induding both metallic and non-metallic powders. 

It shnjid be understood that there may be vaiious changes and modifications of the representative 
bodiments herei n chosen for purposes of ilustration without departing from t he spirit and scope cf the kiYen- 
X tion. For examine, muitiplejet and spray arrangements aie contemplated by the piesent invention wherein plu- 
ral layers of the same or different coatings can be appf»d to particulate matariafs by series flow through a 
plurality of coefting and Mbeidence zones. Abo. whBe t be use of air as the suspending medium has been sliown 
b> be satisfcctory. any gas other than air such es nrtrogen or an inert gss. for exampia. can be employed in 
the presert invertion. Acsoocdtngly, the foregoing iBustrationB are not to be interpreted as restrictive of the in- 
26 vention beyond that neoessHaled by the foMowlng claims. 



Claims 

30 1. An apparatus for spray coating discrete partkileG While such partidae are suspend 
said apparatus (10) comprtstng and charaderlsed by: 

an upstanding column (15) indtKfirig an upper cylindrical body sectfon (t5a] provided with a v«nt 
(17), a downwardly tapered interirsdiate section (15b) and a iower cylindricat section (1 5c}. said tapered 
intermediate section and said lower cylindrical section housing a verficaify extending Mi tube (50); 
35 a verticBlly positioned fbuntalr tube ^0) adapted with an air Inlet port (22) and a spray exlenabn 

(24) tarmlnattng Ir opposlrig atr and liquid Inlets (26^) and extendbig axlally above said upper cylindricaJ 
body section (1 5a), said fountain tube (20) housing a downuvardly-fiadng alomlsing spray nozzle (25) and 
having a greater dlaneter than said draft tube (SO), wherein both tubes concerttrtcaiy Inlersect wtt hin the 
column In an opened telescopic dual-let and spray arrangement: 
40 a cytindrica) intot chamber (30) depending from and communicatng wth said lower cytindricat sec- 

tion (15c), said cyfindrical inlet chamber (30) being provided with an air entry port p2) arvf oorteining a 
jet inlet tuba (31) and an upwardty-facsig atomising spray nozzle (40) posftioned in coaxial r^ationahip 
to said jet intet tube (51) and said dr&n tut>e (50); 

a tubular channel (34) wNch depends from said cylindrical inlet chamber (30) and convnunicates 
4S wTth said jet inlet tube (31), said lubiJar channel being provided with a swiH flow iM line (36): 

an ar inlet tubUar chamber (37) which depends from and comnuicates 
(34), said tubular chamber being adapted with an ar inlet opening (38) end having a certraly protruding 
spray extension (24^ provided wth terminajty opposing air and Equid inlets (26*. 2Gr); and 

nsgulatng means for oontroling flow distnbution and flow rates within the apparatus and for con- 
aD trolling tempera^s of all intot streams to the apparatus. 

2. The apparatus according to Qaim 1, charsctertsed in that said )et inlet tube (31) is arranged annularfy 
around said upwardly-facing atiomtsing spray nozzle (40). 

55 3. The apparatus according to Qairr 1 or Z charactensed In that said air entry port (32) of the cylindrical 
ffM chamber (30) is arranged to provide aeration flow to an anniJarzons (33) staroundlng said draft tube 
(60). 

4. The apparatus according to any pieoeding daim. characterised In that said lower cyindical secdoi (15c) 
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contains « perforated cyiimlrical insert (42) oovered by a screen lo prevent the partidee from falling into 
tf>e cyfindricaf jntet chamter (30) beTora and after the coating opanation. said insart (42) and said fionaen 
having central openings which ooimnuntcate with the tof> of aaid jet k^let tube (31). 

5. The apparatus acconding to Qairr 4. characterised in that the d»tance between said top cyf the jet Mat 
tube (31)and a bcdom inlet ta said draft tuba is acfuslable (SO). 

& The apparatus according to Qalm S, characterised in that said draft tube (50) Is adjustably irnunted withki 
said cQlunvi ( 1 5) to vary said dtslance between said top of trie jet ln*et tube (51) and the inlet to said draft 
tube (50). 

7. The appaiatus according to any preceding ciain\ characterised in that said upwardly^cing atx)nasing 
epray nozzle {40) la ad)j^Uy fnoumed to move up and down In aald )at kitettube (31) and varticdiy ex- 
Isnd into the tower portion at draft tube {50) to optirriae the locaion theraof. 

8. The apparatus aooordinQ to any preceding Claim, characterised I n that said dowmiwdfy-^cffig atooising 
epray nozzfe (25) is adjustabfy mounted to slide up and down within the fountain tube (20) to optimise the 
location thereof. 

ft- The apparatus acooidlig to any pr«:edlng dalm, charactertsed I n that a scrBen (39) wti Icb extends across 
ttie bottom of said tubular channel (34) ta prevent parUdas from failing intn the tubular chwrte (37) when 
the Mpwardly-facing spray rwzzle (40) is posWoned within said jet inlet tube (31). 

10. The apparatus aooording to Qaim 7, characterised in that a screen wtth an opening which axtoncte across 
a jet tut>e outlet to prevent partwrfestomMingintothe jet tutje(31)whe^ apraynazzie 
(40) extends beyond said }et tube outlet. 

11. The apparatus according to any preceding daim, charactarisad by pressure regulator means (101, 102) 
whereby air atrearns (111.112) to both ^ spray extsnsiors (24J24') are sepntdy oontroled by said 
pnessure negiiaior means wfvch feed ambient at at volumebtc flow rates iirtosaid downwardly-fiacing (25) 
and upwardhf-factng (40) spray nozzles. 

12. The apparatu s acoordtig to any preceding dabn, characterised by a pertetaiic pump ( 1 30). whereby liquid 
sireams (131.1 32) to t>olh said spray extensions (24,24*) are contrded by said perist^c pump. 

13. The apparatus according to any preceding daim, charoctarieed by individual hoeters (181,182,183.184) 
to con^l ttie tBrrperBiuras of the inlet ar streams (141,142,143,144) 

14 The apparatus acconiirig to Claim 13, characferfsed by each of said beaters (181,1 82.183,184) being con- 
rected in series to mass flow oontrolefs (MFC1, MFC2, MFCS, MFC4), 

1 5w The apparatus according to any pnacading dalm, charactansad by thar mocoupfo probe (TC) and prassura 
prot>e nneans for monAoring temperatures and pressures within sM cotonn (15). 

16. The apparatus according to any pracading dakn. characterisad by said re^iattog mam bebig fri e(acK 
tronic oomnmaiicetton with a con^puterlaed data acquiartion and conlrol ayatam (200). 

17. The apparatus of Claim 16, characterised in tlwt said data acquisition and oontrolsystafn (200) com^^ 
a comptatnty Intagratsd computer control systan providad with output maans 
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